Ongoing efforts to profile physicians on their relative cost of care have been criticized because they do not account for differences in patients' socioeconomic status (SES). The importance of SES adjustment has not been explored in costprofiling applications that measure costs using an episode of care framework.
H ealth plans have used physician-level cost profiling as the foundation for a variety of performance incentive programs that aim to identify and reward high-value care. 1, 2 In a typical cost-profiling program, a physician's cost of care, typically measured on an episode of care or a per capita basis, is compared with that of members of his or her specialty, after adjusting for differences in case mix. Health plans may then use these data to reduce payments to highcost providers or attempt to redirect patients toward lower cost providers through the use of financial incentives. 3, 4 During 2012, the Centers for Medicare and Medicaid Services (CMS) disseminated reports summarizing a physician's quality of care and relative resource use to nearly 20,000 physicians participating in the Medicare program as part of its ongoing Physician Feedback Program. 5 By 2015, these data will determine the magnitude of a value-based payment modifier that will be phased into Medicare's physician fee schedule. 5 Although the specific methodologies for the feedback reports and payment modifier remain under development, CMS has recently chosen an episode grouper to be used for both initiatives. 6 Many concerns have been expressed about the validity and reliability of physician cost profiling. 7, 8 One of the most prominent concerns is that cost profiles will be biased if they do not account for differences in the socioeconomic status (SES) of patients cared for by each physician. A number of studies over the past few decades have shown that patients with low SES tend to have a higher cost of care. [9] [10] [11] Low SES patients may face significant financial barriers to chronic disease care, 12 they may have lower social support to motivate them to access preventive care or to help them manage their chronic conditions, 13, 14 and they may be less likely to have a usual source of care. 15 As a result, low SES patients have repeatedly been shown to have fewer office visits and to use less preventive care, but have higher hospitalization rates and a higher total cost of care than higher SES patients. [9] [10] [11] Physicians who care for a disproportionate number of low SES patients may therefore be penalized as "high cost," but may have limited ability to influence their patients' care-seeking behaviors or social context. Indeed, in the Affordable Care Act, Congress mandated that appropriate methodologies for SES adjustment be considered before physicians begin receiving their relative cost reports. 16 Whether SES adjustment makes a difference in physician relative cost profiles based on an episode cost framework has not been previously explored.
In this study, we explored the relationship between SES and the cost of episodes of care assigned to individual physicians. We ranked physicians using a cost-profiling methodology modeled after common current practiceadjusting for episode type, episode severity, and prices, but not SES. We then evaluated the impact of adding an adjustment for SES on physicians' relative cost rankings.
METHODS

Data Sources
We used a database containing all professional, facility, and pharmaceutical claims for patients continuously enrolled in 1 of 3 commercial health plans in the state of Massachusetts during calendar years 2004 and 2005. These 3 plans enrolled just over 3.8 million enrolleesapproximately 84% of the commercially insured population in the state at the time. The database included claims from managed care, preferred provider organization, and indemnity product lines. We used a master physician database compiled by Massachusetts Health Quality Partners (MHQP) to link claims submitted by individual physicians across the 3 plans. Physician specialties were obtained from the Massachusetts Board of Registration as described in prior work. 17 
Constructing and Attributing Episodes of Care
We grouped patients' claims for related services into episodes of care using the Symmetry Episode Treatment Grouper. 18 An episode of care represents a bundle of services related to a specific chronic or acute condition that is delimited in time by "clean periods' with no claims related to the service. The algorithm also generates a patient-level severity score (Episode Risk Group) that takes into account each patient's age, sex, and comorbidities. For each type of episode, patients are assigned up to 1 of 4 severity levels based on his or her risk score relative to all other patients assigned the same type of episode. For example, a patient might be assigned an episode of "benign hypertension without comorbidity, severity level 3." We use the term "case mix" to refer to differences among physicians in both the types of episodes and severity of illness of their patients.
We calculated the cost of each episode by multiplying the number of units of each service included within the episode by the average price for each service. The average price for each service was defined as the average "allowed cost" for that service across the 3 plans. The allowed cost is the sum of the health plan reimbursement plus any patient copayment. This approach standardizes cost estimates across plans and assures that relative cost estimates are not influenced by differences in reimbursement rates across plans. These methods are described more fully elsewhere. 17 Alternative measures of relative resource use might involve actual payments to providers (which do not adjust for price differences) or charges (which may bear little resemblance to actual costs).
We assigned episodes of care and their associated costs to the physician having a plurality of professional costs (subject to a minimum of 30% of total professional costs) within the episode. This attribution rule is commonly used in physician profiling initiatives. [19] [20] [21] We excluded 153,543 episodes from our sample (5% of all episodes) for patients who lived outside of Massachusetts and its bordering states (including Maine), who had inaccurate zip codes, or who had episode costs of $0.
SES Index
Our SES index included 6 components: annual household income, education, unemployment, head-of-household status, receipt of public assistance, and poverty status (See Table 2 for detailed descriptions of each component). Bird et al 22 derived this index through factor analysis using an initial set of 12 indicators of SES. We used SES measures from the 2000 decennial census 23 reported at the level of zip code tabulation areas (ZCTA) as a proxy for an individual patient's SES. ZCTAs are roughly equivalent in size to zip codes, 24 and for simplicity, we use the term zip codes to refer to ZCTAs. Using Bird's method, scales of each SES measure were transformed so that higher values corresponded to higher SES. Each indicator was normalized to have a mean of 0 and a SD of 1. These variables were then summed and renormalized. We defined "significant socioeconomic deprivation" as any patient with an SES index <À 2, which corresponds to 2 SDs below the sample mean.
Estimating Relative Costs
Health plans typically create a physician cost profile by calculating an "observed" cost (defined as the total cost for all episodes assigned to each physician) and an "expected" cost (defined as the sum of the average cost of episodes of the same type assigned to physicians within the same specialty). Each physician is associated with an "observedto-expected" ratio, which represents his or her relative cost of care. We used a similar approach in this analysis; however, we used a regression framework to enable adjustment of physicians' relative cost estimates for patients' SES. All regression models included physician fixed effects, and the coefficients on each of these terms provided an estimate of each physician's average cost of care (relative to an omitted physician) adjusted for patients' SES.
Statistical Analyses
We first explored the relationship between SES and episode costs by comparing mean unadjusted episode costs across quintiles of patients' SES. These analyses neither adjusted for case mix nor SES.
Using multivariable regression models we then examined the amount of variation in episode costs explained by 3 sets of adjustment variables: case mix, SES, and physician effects. We included both linear and quadratic SES terms to permit a more flexible relationship between SES and cost. These analyses used multivariable linear regression models where the total price-standardized allowed cost of a given episode of care was the outcome variable. We used a log transformation-one of the 2 commonly used techniques (along with the gamma family of generalized linear models) to account for skew in the distribution of costs.
Finally, we estimated each physician's relative cost of care, first without adjustment for SES, and then with adjustment. We then computed each physician's relative cost ranking, measured in percentiles, and then calculated each physician's change in percentile ranking after adjustment for SES.
All analyses were conducted by specialty to account for possible unmeasured differences in case mix for identical episodes treated by physicians of different specialties. We limited our analyses to the top 10 specialties by volume across the 3 health plans.
Sensitivity Analyses
To ensure that our results were robust across alternative model specifications, we examined the impact of using random effects for each physician rather than fixed effects, including interactions between SES and episode type indicators in each regression model, and using an alternative attribution rule that assigned episodes to the physician who had a plurality of visits rather than a plurality of costs.
To explore the sensitivity of our results to the SES profile of our patient sample we compared distributions of the 6 SES index components for our sample of enrollees with the corresponding distributions for the overall adult population (aged 18-64 y) living in the same zip codes. We then simulated the addition of a very low SES population to our current sample and examined the impact on physicians' relative cost rankings. We assumed that the imputed population-equivalent to 10% of our original sample-had 50% lower SES index values than the patients in the lowest decile of the original sample; and had an identical case mix, sought care from the same physicians, and had either 5%, 10%, or 25% higher costs per episode than these patients.
RESULTS
A total of 9231 physicians were assigned at least 1 episode of care during the 2-year study period. The physicians were predominantly male, board certified, and went to medical school in the United States (Table 1) . Approximately half had been practicing for over 20 years. The most common specialties were internal medicine (32% of physicians), family medicine (12%), and OBGYN (10%). Physicians were attributed an average of 227 episodes of care.
These physicians treated a total of 785,726 patients, who were collectively responsible for nearly 2.1 million episodes of care during the 2-year study period. Low SES patients differed from high SES patients across each component of our SES index ( Table 2) . Compared with the highest SES quintile, patients in the lowest SES quintile lived in zip codes where the median household income was $50,000 lower, the high school graduation rate was 22 percentage points lower, the prevalence of female-headed households with children was 7 percentage points higher, and unemployment, receipt of public assistance, and poverty were between 3 and 14 percentage points higher. Patients in the lowest SES quintile were 8 percentage points more likely to have at least 1 chronic condition, and had higher rates for each of 8 common chronic conditions. Overall, 5.9% of patients had an SES index < À 2 (indicating significant socioeconomic deprivation), whereas 2% of physicians had mean patient SES values of <À 2 (Appendix Fig. 1 , http:// links.lww.com/MLR/A454).
Consistent with prior studies, patients in the lowest SES quintile had higher unadjusted episode costs ($80 higher or 15%) than patients in the highest SES quintile (Fig. 1 ). This pattern was consistent for episodes attributed to physicians across a range of common specialties.
However, in adjusted analyses, SES explained very little variation in episode costs compared with other adjustment variables. Across the 10 specialties we examined, case mix variables (including both episode type and severity of illness indicators) explained 69% of the variance in episode costs ( Table 3 ). Variation between physicians explained a much smaller proportion of the total variance in episode costs, although there were some differences across specialties. In contrast, the effect of adding SES to the adjustment models was negligible and did not vary across specialties.
Adjusting for SES also had little impact on a physician's relative cost ranking (Fig. 2) . After implementing SES adjustment, only 1.1% of physicians changed rankings by >2 percentile points; 64% of physicians did not change rankings at all. This finding was consistent across the 10 most common specialties (Appendix Table 1 , http://links.lww.com/ MLR/A456).
Physicians who changed rankings by >2 percentile points were more likely to manage a disadvantaged population. Among these physicians, 36% had a mean patient Four percent of physicians (2% of all episodes) were excluded from all analyses due to missing data on these characteristics. SES index value < À 2. However, even among physicians in this group, the vast majority had small changes in rankings; 29% did not change ranking, and 51% changed only 1 or 2 percentile points.
For each of 3 sensitivity analyses in which we varied the specification of our adjustment model, r4.4% of physicians changed rankings by >2 percentile points (Appendix Table 2 , http://links.lww.com/MLR/A457). When comparing the SES profile of our patient sample with that of the overall adult population living in the same regions, we found minor differences across each of the 6 SES components (Appendix Fig. 2 , http://links.lww.com/MLR/A455). For example, among individuals associated with the 10th percentile of the distribution for each component, patients in our sample lived in areas with $5400 higher household incomes and had high school graduation rates that were 1.5 percentage points higher. All other differences at the 10th percentile were negligible. Adding a hypothetical population of very low SES patients to the analysis caused physicians' relative cost rankings to change little until the assumed relative cost for this population exceeded 110% of the lowest decile of our original sample. Under this assumption 7.4% of physicians changed relative cost rankings by >2 percentiles (Appendix Table 3 , http://links.lww.com/MLR/A458).
DISCUSSION
The Affordable Care Act required an assessment of the impact of SES on physician cost profiles. This analysis would help address the concern that physicians who treat disadvantaged populations will be unfairly labeled as high cost. Surprisingly, we found that adjustment for SES resulted in very little impact on a physician's relative cost ranking. Only 1.1% of physicians changed ranks by >2 percentiles. These results were robust across a number of sensitivity analyses that tested different specifications of the adjustment model and after imputing a "missing" lower tail for the SES distribution of our sample.
The higher costs observed among low SES patients in unadjusted analyses were driven disproportionately by their greater prevalence of higher severity episode types. Low SES patients were more likely to suffer from conditions that have a higher average cost. For example, low SES patients may have more episodes of diabetes with complications rather than diabetes without complications or any number of other less severe episode types. Because current episode of cost-profiling methodologies already address differences in conditions, further adjustment for SES seems to make little difference. After accounting for differences in episode type, severity of illness, and physician-to-physician variation, we found that SES explained little additional variation in episode costs-a finding that was consistent across the 10 most common specialties.
Another plausible cause for the lack of an effect of SES adjustment is limited variation between physicians in the average SES of their patient mix. If many physicians treat a mix of patients with both high and low levels of SES, the net effect of adjustment will be minimal. We found there was substantial variation in physicians' mean SES although only 2% treated a very low SES population. Our findings are consistent with previous studies that used different methods. To our knowledge, this analysis is the first to explore the impact of SES adjustment on episode costs and their implications for physician relative cost rankings. Previous studies have mostly focused on the total cost of care over a defined period (typically a year) and found that lower SES patients have higher costs of care, [9] [10] [11] but that much of the impact of SES on resource use is diminished or eliminated entirely after adjusting for comorbidities. 10 In addition, previous analyses that have examined the relationship between SES and cost used relatively basic approaches for modeling the relationship between SES and cost and did not examine the impact of SES adjustment on physician relative cost rankings. 9 We exam-ined various model specifications including the inclusion of linear and quadratic interaction terms to allow a flexible relationship between episode type and SES and our analysis specifically focused on a profiling context. We also used a large state-wide multipayer database-thus improving upon the smaller scale studies of the past.
We do recognize that for 1% of physicians, adjustment for SES did have an impact on their cost ranking. Health plans, CMS, and others who use episode groupers to create cost profiles will need to decide whether to adjust relative cost measures for these physicians. However, the magnitude of the shift in rankings is relatively minor-the maximum observed change was 9 percentile points-that even for these physicians, adjusting for SES is unlikely to trigger a change 
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Our results should be interpreted in light of the following limitations. First, our claims database drew on a commercially insured population from a single state. Although our simulation of a hypothetical, very low SES population suggested that our results are not likely to be highly biased, expanding this analysis beyond the commercially insured population should be a priority for future research. Second, we used ZCTA-level estimates of SES because patient-level data were not present in claims. We did not use smaller units (eg, census block groups) because we did not have patients' addresses. Although more highly aggregated units of analysis could mask heterogeneity in patients' SES, in practice, there are few differences between analyses that measures SES at the zip code level compared with smaller units of analysis. 25 Third, our results focused on a single episode grouper, although there are numerous commercial products available as well as the new episode grouper developed specifically for use by CMS. Validation analyses are critical to ensure that the indirect effects of SES (mediated through a higher severity of illness) are captured in the new grouper to guarantee the validity of the resulting relative cost estimates.
CONCLUSIONS
Physician relative cost rankings change very little after adjustment for patients' SES. The vast majority of the differences in episode costs between high and low SES patients is due to differences in case mix, including both the prevalence of high-cost clinical conditions and, for patients with the same condition, their relative severity of illness. These factors are already accounted for in current cost profiling efforts and further adjustment for SES does not impact relative cost rankings to a degree that would change inferences about a physician's relative cost of care. Model parameters were added in the following order: (1) case mix variables (episode type and patient severity indicators); (2) physician fixed effects (indicators for individual physicians to whom each episode was attributed); and (3) SES terms (linear and quadratic). Values are in units of percentage points, and equivalent to the R 2 statistic (for the model with only case mix variables), and the change in R 2 values as physician effects and SES terms are added to the model.
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3-5 percentiles n=96, 1% >5 percentiles n=3, <1% FIGURE 2. Change in physicians' relative cost rankings after adjustment for patients' SES index. "n" refers to the number of physicians who changed relative cost rankings by the number of percentiles indicated. SES indicates socioeconomic status.
